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APPARATUS AND METHOD FOR REPRODUCING RECORD FOR 
OPTICAL RECORDING MEDIUM 

[01] This application is a divisional of co-pending Application 
No.09/538,748, filed on March 30, 2000, the entire contents of which are hereby 
incorporated by reference and for which priority is claimed under 35 U.S.C. § 120; 
and this application claims priority of Application Nos. 11024/1999 filed in Korea 
on March 30, 1999, 13569/1999 filed in Korea on April 16, 1999, 14239/1999 filed 
in Korea on April 21, 1999, 18900/1999 filed in Korea on May 25, 1999, 
18896/1999 filed in Korea on May 25, 1999, and 18897/1999 filed in Korea on May 
25, 1999 under 35 U.S.C. § 119. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[02] The present invention relates generally to a high-density optical 
recording medium system and, more particularly, to an apparatus and method for 
reproducing records for optical recording medium, capable of detecting and 
compensating for detrack, tilt and defocus of the optical recording medium. 

Description of the Related Art 

[03] In general, examples of optionally and iteratively rewritable optical 
recording medium include rewritable compact disc (CD-RW) and rewritable digital 
versatile disc (DVD-RW, DVD-RAM, DVD+RW). 
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[04] These rewritable optical discs, particularly, DVD-RAMs have signal 
tracks made up of lands and grooves and enable the tracking control of an empty 
disc on which no information signal is written. Recently, information signals are also 
written on the tracks of lands and grooves so as to enhance recording density. For 
this purpose, the recent optical pickup for writing and reading information signals 
uses the shorter wavelength of laser beam with an increased number of apertures 
formed in the object lens and thereby reduces the size of beam for writing/reading 
records. 

[05] In order to achieve higher recording density, such a rewritable high- 
density optical disc is designed to have a reduced distance between the signal tracks, 
i.e., the smaller signal track pitch. 

[06] For the rewritable discs, it is naturally impossible to perform a disc 
control and a recording operation in an empty disc in which no information is 
written. Thus disc tracks are formed in lands and grooves to write information on, 
and control information for random access and rotation control is separately 
recorded in the disc, so as to enable tracking control in the empty disc. 

[07] The control information is, as shown in Fig. 1, written on the header 
pre-formatted at the beginning position of each sector, or along the track in the 
wobbling profile. The term "wobbling" as used herein refers to recording the control 
information on the boundary of tracks in accord to variation of laser beam by 
supplying power of laser diodes with information for modulating a predetermined 
clock and applying the modulated clock to the disc, e.g., information about a desired 
position and the rotational speed of the disc. 
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[08] In a DVD-RAM, the header preformatted at the beginning position of 
each sector includes four header fields, e.g., header 1 field, header 2 field, header 3 
field and header 4 field. Each header field has variable frequency oscillator (VFO) 
areas for generating a reference clock to acquire bit synchronization of read channels. 
In the present invention, the VFO areas present in the respective header fields 
(header 1 field ~ header 4 field) are called VFOl ~ VF04. 

[09] That is, VFOl and VFO 3 areas are present in the header 1 field and 
the header 3 field, VF02 and VF04 areas being in the header 2 field and the header 
4 field. The VFOl and VF03 areas are longer and more stable for signal detection 
than the VF02 and VF04 areas. 

[010] The four header fields are staggered with respect to each other 
from the track center. Fig. 1 shows an example of the header for the first sector in a 
track. Referring to Fig. 1, the track boundary of the user area in which data are 
actually written has a wobbling profile. 

[Oil] An optical record reproducing apparatus also performs tracking 
and focus controls with an optical pickup in writing and reading information. 

[012] That is, tracking control, e.g., tracking servo involves detection of 
tracking error signals from electrical signals generated in accordance to the beam 
trace status and driving a tracking actuator in the optical pickup based on the 
tracking error signals to move an object lens of the optical pickup in the radial 
direction, thereby changing the position of the beam to trace a desired track. 

[013] There are some cases where detrack occurs that the beam focus is 
deflected from the track center, even though no tracking error signal is detected. 
Detrack does not adversely affect the compact discs. 
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[014] However, detrack has an adverse effect on the optical discs such as 
DVD-RAM where data writing and reading is enabled in both lands and grooves, 
because the track pitch is narrowed for purpose of high densification. 

[015] Due to a depth difference between lands and grooves, detrack may 
occur in the tracks of the grooves even when no detrack is detected in the tracks of 
the lands. Likewise, the tracks of the lands may have detrack while there is no 
detrack detected in the tracks of the grooves. 

[016] If detrack occurs, writing/reading data becomes harder because the 
beam is ready to shift to the adjacent track to cause a cross talk and clear data from 
the track. 

[017] In a case where the beam focus is deflected from the disc surface 
during a focus control, i.e., focus servo, which case will be referred to as "defocus" 
hereinafter, quality of data deteriorates in writing and reading the data and thereby 
the system operation becomes unstable. 

[018] The focus servo drives a focus actuator in the optical pickup to 
move the optical pickup up or down and make the beam in focus according to the 
turning and up-and-down motions of the optical disc. That is, the focus actuator 
drives the object lens for convergence of beam in the upward/downward direction, 
e.g., in a direction of the focus axis to maintain a constant distance between the 
object lens and the optical disc. 

[019] However, in the optical discs such as DVD-RAM where data can 
be written in both lands and grooves, the lands and grooves differ in the focus offset 
from each other due to a depth difference and cause defocus even when no focus 
error signal is detected. 
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[020] That is, due to the depth difference between the lands and grooves, 
defocus may be detected in the tracks of the grooves even when no detrack occurs in 
the tracks of the lands. Likewise, the tracks of the lands may have detrack while 
detrack is not detected in the tracks of the grooves. 

[021] As the defocus status cannot be known only from the focus error 
signals in this case, jitter characteristic deteriorates and the bit error rate (BER) 
increases. Recording data in this state may result in change recording characteristics 
of lands and grooves and hence deterioration of data quality, which makes the 
system operation unstable. 

[022] During a resin extracting and hardening process in fabrication of 
the optical disc, distortion may take place in the optical disc and cause eccentricity 
even when a central aperture is perforated in optical disc. Also, deviation of the 
central aperture causes eccentricity although the tracks of the disc are accurately 
provided in the radial form with a defined pitch. Thus as the disc turns with 
eccentricity, the central axis of the motor is not in perfect accord with the center of 
the track. 

[023] It is thus hard to read out the signals of a desired track only. So, in 
the CD and DVD systems, a tracking servo is performed according to the standards 
established for the deflected quantity such that the beam always traces the desired 
track in spite of eccentricity. 

[024] It means, the tracking servo generates electrical signals 
corresponding to the beam trace status and moves the object lens or the optical 
pickup body in the radial direction based on the generated electrical signals, to 
change the position of the beam and make the beam trace the accurate track. 
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[025] Meanwhile, the beam can be deflected from a desired track due to 
a tilt of the disc as well as the eccentricity. This results from a mechanic error 
occurring when the disc is set on a spindle motor. That is, the focusing direction is 
not in perpendicular relation with the tracking direction. This slant state of the disc is 
called "tilt". 

[026] Tilt is not so significant for compact discs that have a large tilt 
margin due to their wide track pitch. The term "tilt margin" as used herein refers to a 
compensable quantity of tilt of the disc. However, with a growing need of 
densification of the optical appliances such as optical discs, especially in the DVD 
having the narrower track pitch, a slight tilt of the disc causes the beam to shift to 
the adjacent track due to a small radial tilt margin for the jitter. This "detrack" is 
unavoidable by the tracking servo only. That is, the tracking servo may mistake that 
the beam is tracing the accurate track even when the beam is shifted to the adjacent 
track due to tilt, while focusing on the center of the track. 

[027] This makes it impossible to write/read data in/from a desired track. 
Thus a double distortion occurs when reading the erroneously written data. 

[028] To cope with this problem, there has been suggested a method in 
which the tilt of the disc can be detected with a dedicated tilt sensor, e.g., a tilt light- 
receiving device in an optical pickup. However, the method is not so efficient with a 
large size of the set. 

SUMMARY OF THE INVENTION 
[029] It is, therefore, an object of the present invention to provide an 
apparatus and method for reproducing records for an optical recording medium, 
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capable of detecting and compensating for detrack from header areas staggered with 
respect to each other. 

[030] It is another object of the present invention to provide an apparatus 
and method for reproducing records for an optical recording medium, capable of 
detecting and compensating for tilt from header areas staggered with respect to each 
other. 

[031] It is further another object of the present invention to provide an 
apparatus and method for reproducing records for an optical recording medium, 
capable of detecting and compensating for defocus from header areas staggered with 
respect to each other. 

[032] It is still another object of the present invention to provide an 
apparatus and method for reproducing records for an optical recording medium, 
capable of iteratively controlling detrack, tilt and defocus in a predefined order. 

[033] To achieve the above objects of the present invention, there is 
provided a method for reproducing records for optical recording medium includes 
the steps of: (a) determining a difference between a difference signal of optical 
reflecting signals of the optical recording medium detected at the non-writable area 
and the center level at an adjacent data area to output a first signal; (b) determining a 
difference between a difference signal of optical reflecting signals of the optical 
recording medium detected at a second non-writable area and the center level at an 
adjacent area to output a second signal, the second non-writable area being different 
in phase from the non-writable area; (c) determining a difference between the first 
signal and the second signal to output a variation; (d) comparing the variation with a 
predetermined threshold, determining that detrack has occurred, if the variation 
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exceeds the threshold, and outputting the resulting value; and (e) performing a 
tracking servo based on the resulting value. 

[034] The difference signal between the optical reflecting signals 
includes a read channel 2 signal generated from electrical signals output in 
proportion to the quantity of beam reflected from the optical recording medium. 

[035] A read channel 1 signal means the total output of the split photo 
detectors. The read channel 2 signal means the differential output of the split photo 
detectors. 

[036] The difference signal between the optical reflecting signals 
includes a tracking error signal obtained by filtering the read channel 2 signal 
generated from electrical signals output in proportion to the quantity of beam 
reflected from the optical recordng medium. 

[037] The tracking servo step (e) detects the magnitude and the direction 
of detrack from the resulting value and the sign of the variation, respectively. 

[038] The tracking servo step (e) performs the tracking servo in such a 
manner as to equalize the level of the first signal to the level of the second signal. 

[039] The tracking servo step (e) performs the tracking servo in such a 
manner that two tracking error signals of different phases is in symmetric relation 
with each other with respect to the center level of the adjacent data area. 

[040] In another aspect of the present invention, a method for 
reproducing records for optical recording medium includes the steps of: (a) 
determining a difference between a difference signal of optical reflecting signals of 
the optical recording medium detected at the non-writable area and the center level 
at an adjacent data area to output a first signal; (b) determining a difference between 
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a difference signal of optical reflecting signals of the optical recording medium 
detected at a second non- writable area and the center level of an adjacent data area 
to output a second signal, the second non-writable area being different in phase from 
the non-writable area; (c) determining a difference between the first signal and the 
second signal to output a variation; (d) comparing the variation with a predetermined 
threshold, determining that tilt has occurred, if the variation exceeds the threshold, 
and outputting the resulting value; and (e) performing a tilt servo based on the 
resulting value. 

[041] The tilt servo step (e) detects the magnitude and the direction of tilt 
from the resulting value and the sign of the variation, respectively. 

[042] The tilt servo step (e) performs the tilt servo in such a manner as to 
equalize the level of the first signal to the level of the second signal. 

[043] The tilt servo step (e) performs the tilt servo in such a manner that 
two tracking error signals of different phases is in symmetric relation with each 
other with respect to the center level of the adjacent data area. 

[044] In further another aspect of the present invention, a method for 
reproducing records for optical recording medium includes the steps of: (a) 
determining, when no tilt is detected, a first potential difference between a ground 
level and a read channel 2 signal detected at the non-writable area, and setting the 
potential difference as a reference value; (b) determining, when necessary, a second 
potential difference between a second ground level and a second read channel 2 
detected at the non-writable area, and comparing the first potential difference with 
the second potential difference; and (c) determining from the result of the 
comparison in step (b) that tilt has occurred, and performing a tilt servo. 
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[045] In still further another aspect of the present invention, a method for 
reproducing records for optical recording medium includes the steps of: (a) 
determining a difference signal between optical reflecting signals each detected at 
the plural non-writable areas of different phases to output a variation; (b) comparing 
the variation with a predetermined threshold, determining that defocus has occurred, 
if the variation exceeds the threshold, and outputting the resulting value; and (c) 
performing a focus servo based on the resulting value. 

[046] In the variation outputting step (a), a peak-to-peak voltage of read 
channel 1 signals or read channel 2 signals detected at the non-writable areas is a 
first signal, and a peak-to-peak voltage of read channel 1 signals or read channel 2 

signals detected at a second non-writable areas is a second signal, the second non- 
writable areas being different in phase from the non-writable areas, the variation 

being the difference between the first signal and the second signal. 

[047] The focus servo step (c) is performed in such a manner that the 

sum signal of the first and second signals is at maximum and the variation does not 

exceed the threshold. 

[048] The variation outputting step (a) includes the steps of: determining 

a potential difference between the tracking error signal detected at the non- writable 

area and the track center level of an adjacent data area to output a first signal; 

determining a potential difference between the tracking error signal detected at 

another non- writable area and the track center level of an adjacent data area to 

output a second signal; and determining a difference between the first and second 

signals as the variation. 
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[049] The focus servo step (c) detects the magnitude and the direction of 
defocus from the resulting value and the sign of the variation, respectively. 

[050] The focus servo step (c) performs the focus servo in such a manner 
as to equalize the level of the first signal to the level of the second signal. 

[051] In still further another aspect of the present invention, a method for 
reproducing records for optical recording medium includes the steps of: (a) detecting 
a first variation from a first potential difference between a difference signal of 
optical reflecting signals each detected at the plural non-writable areas of difference 
phases and a first reference level, and detecting and compensating detrack of the 
optical recording medium from the first variation; (b) detecting a second variation 
from a second potential difference between a difference signal of optical reflecting 
signals each detected at the plural non-writable areas of difference phases and a 
second reference level, and detecting and compensating tilt of the optical recording 
medium from the second variation; and (c) detecting a third variation from a third 
potential difference between a difference signal of optical reflecting signals each 
detected at the plural non-writable areas of difference phases and a third reference 
level, and detecting and compensating defocus of the optical recording medium from 
the third variation, wherein the detecting and compensating steps are performed in 
the order of detrack, tilt and defocus. 

[052] In still further another aspect of the present invention, an apparatus 
for reproducing records for optical recording medium includes: a signal generator 
for generating a difference signal between optical reflecting signals from electrical 
signals generated from an optical pickup for recording/reproducing information 
on/from the optical recording medium; a detrack detector for detecting detrack of the 
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optical recording medium from a variation of the difference signal between the 
optical reflecting signals of the non- writable areas output from the signal generator, 
and outputting a detrack error signal; a tilt detector for detecting tilt of the optical 
recording medium from a variation of the difference signal between the optical 
reflecting signals of the non-writable areas output from the signal generator, and 
outputting a tilt error signal; a defocus detector for detecting defocus of the optical 
recording medium from a variation of the difference signal between the optical 
reflecting signals of the non-writable areas output from the signal generator, and 
outputting a defocus error signal; a servo controller for generating a tracking driving 
signal from the detrack error signal detected at the detract detector, a tilt driving 
signal from the tilt error signal detected at the tilt detector, and a focus driving signal 
from the defocus error signal detected at the defocus detector; a tracking driver for 
controlling the optical pickup based on the tracking driving signal to compensate for 
detrack; a tilt driver for controlling the optical pickup based on the tilt driving signal 
to compensate for tilt; and a focus driver for controlling the optical pickup based on 
the focus driving signal to compensate for defocus. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[053] The above and other objects, features and advantages of the 
present invention will become more apparent from the following detailed description 
when taken in conjunction with the accompanying drawings in which: 

[054] FIG 1 is a diagram showing a staggered structure of a header 
Preformatted at the beginning position of each sector in a general rewritable disc; 
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[055] Fig. 2 is a block diagram showing the structure of an optical disc 
writing/reading apparatus for controlling detrack, tilt and defocus in accordance with 
the present invention; 

[056] Fig. 3 is an exemplary diagram showing an optical detector of the 
optical pickup shown in Fig. 2; 

[057] Fig. 4 is an exemplary graph showing read channel 2 signals 
detected at VFOl and VF03 areas in the header field depending on variation of a 
detrack offset; 

[058] Figs. 5a-5c are exemplary diagrams showing the potential 
relationship between the channel 2 signals shown in Fig. 4 and a wobble signal; 

[059] Fig. 6 is a flowchart of a detrack detecting and compensating 
procedure using read channel 2 signals of the header field in accordance with the 
present invention; 

[060] Fig. 7 is an exemplary graph showing tracking error signals 
detected at a header 1,2 field and a header 3,4 field depending on variation of a 
detrack offset; 

[061] Figs. 8a-8c are exemplary diagrams showing the level variation of 
tracking error signals detected at a header 1,2 field and a header 3,4 field depending 
on variation of a detrack offset; 

[062] Fig. 9 is a flowchart of a detrack detecting and compensating 
procedure using tracking error signals of the header field in accordance with the 
present invention. 

[063] Fig. 10 is an exemplary graph showing read channel 2 signals 
detected at VFOl and VF03 areas in the header field depending on variation of tilt; 
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[064] Figs. 11 a- 11c are exemplary diagrams showing the potential 
relationship between the channel 2 signals shown in Fig. 10 and a track center; 

[065] Fig. 12 is a flowchart of a tilt detecting and compensating 
procedure using read channel 2 signals of the header field in accordance with the 
present invention; 

[066] Figs. 13a-13c are exemplary diagrams showing the relationship 
between the read channel 2 signals detected at VFOl and VF03 areas in the header 
field and a ground level, depending on variation of tilt; 

[067] Fig. 14 is an exemplary graph showing tracking error signals 
detected at a header 1,2 field and a header 3,4 field depending on variation of tilt; 

[068] Figs. 15a-15c are exemplary diagrams showing level variation of 
tracking error signals detected at a header 1,2 field and a header 3,4 field depending 
on variation of tilt; 

[069] Fig. 16 is a flowchart of a tilt detecting and compensating 
procedure using tracking error signals of the header field in accordance with the 
present invention; 

[070] Fig. 17 is an exemplary graph showing read channel 2 signals 
detected at VFOl and VF03 areas in the header field depending on variation of a 
defocus offset; 

[071] Figs. 18a- 18c are exemplary diagrams showing the level variation 
of channel 2 signals detected at VFOl and VF03 areas in the header field depending 
on variation of a defocus offset; 
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[072] Fig. 19 is a flowchart of a defocus detecting and compensating 
procedure using read channel 2 signals of the header field in accordance with the 
present invention; 

[073] Fig. 20 is an exemplary graph showing read channel 2 signals 
detected at VFOl and VF03 areas in the header field depending on variation of a 
defocus offset; 

[074] Figs. 21a-21c are exemplary diagrams showing the level variation 
of read channel 2 signals detected at VFOl and VF03 areas in the header field 
depending on variation of a defocus offset; 

[075] Figs. 22a and 22b are exemplary diagrams showing the level 
variations of read channel 1 signals and read channel 2 signals detected at VFOl and 
VF03 areas in the header field depending on variation of a defocus offset; 

[076] Fig. 23 is an exemplary graph showing tracking error signals 
detected at a header 1,2 field and a header 3,4 field depending on variation of a 
defocus offset; 

[077] Figs. 24a-24c are exemplary diagrams showing level variation of 
the tracking error signals detected at a header 1,2 field and a header 3,4 field 
depending on variation of a defocus offset; 

[078] Fig. 25 is a flowchart of a defocus detecting and compensating 
procedure using tracking error signals of the header field in accordance with the 
present invention; and 

[079] Fig. 26 is a flowchart showing a procedure for sequentially 
detecting and compensating for detrack, tilt and defocus of an optical recording 
medium in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[080] A preferred embodiment of the present invention will be described 
below with reference to the accompanying drawings. In the following description, 
well-known functions or constructions are not described in detail since they would 
obscure the invention in unnecessary detail. 

[081] The present invention is directed to detection and compensation of 
detrack, tilt and defocus using variation of a difference signal (e.g., a read channel 2 
signal or a tracking error signal obtained from the read channel 2 signal processed) 
between optical reflecting signals detected from header fields staggered on the basis 
of track sectors. 

[082] Fig. 2 is a block diagram showing the structure of an optical disc 
writing/reading apparatus for reproducing records from an optical disc in accordance 
with the present invention, in which only the principal parts related to detrack, tilt 
and defocus are shown. 

[083] Referring to Fig. 2, the optical disc writing/reading apparatus 
includes: a rewritable optical disc 201; an optical pickup 202 for writing/reading 
information on/from the optical disc 201; an RF and servo error generator 203 for 
generating an RF signal and a servo error signal (e.g., tracking error signal, focus 
error signal, etc.) from electrical signals output from the optical pickup 202; a 
detrack detector 204 for detecting detrack from the read channel 2 signal or the 
tracking error signal output from the RF and servo error generator 203; a tilt detector 
205 for detecting tilt from the read channel 2 signal or the tracking error signal; a 
defocus detector 206 for detecting defocus from the read channel 2 signal or the 
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tracking error signal; a servo controller 207 for generating a tracking driving signal 
from the magnitude and the direction of detrack detected at the detrack detector 204, 
a tilt driving signal from the magnitude and the direction of tilt detected at the tilt 
detector 205, and a focus driving signal from the magnitude and the direction of 
defocus detected at the defocus detector 206; a tracking driver 208 for controlling 
the optical pickup 202 based on the tracking driving signal to compensate for the 
detrack; a tilt driver 209 for controlling the optical pickup 202 based on the tilt 
driving signal to compensate for the tilt; and a focus driver 210 for controlling the 
optical pickup 202 based on the focus driving signal to compensate for the defocus. 

[084] The optical pickup 202 has an split photo detector for detecting the 
quantity of light and converting the detected quantity of light to electrical signals. 
The split photo detector can be divided, as shown in Fig. 3, into a predefined number 
of optical detecting elements, e.g., four optical detecting elements PDA, PDB, PDC 
and PDD in the signal track direction and the radial direction of the optical disc 201. 

[085] In the present invention as constructed above, the optical disc 201 
has signal tracks made up of lands and grooves, and data can be written/read 
on/from the tracks of both the lands and the grooves as well as either the land tracks 
or the groove tracks. Also, at the beginning position of each sector, header 1 and 2 
fields and header 3 and 4 fields are staggered with respect to each other in a free 
format. That is, the phases of the header 1 and 2 fields are in inverse relation with 
those of the header 3 and 4 fields. 

[086] Thus, while setting the optical disc 201, or during the 
writing/reading operation, the laser beam emitted from a laser diode of the optical 
pickup 202 is directed onto the signal tracks of the optical disc 201 and the beam 
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reflected from the signal tracks of the optical disc 201 enters the split photo 
detector. 

[087] The split photo detector includes a plurality of optical detecting 
elements and outputs to the RF and servo error generator 203 electrical signals 
proportional to the quantity of beam obtained from the respective optical detecting 
elements. 

[088] The optical detector, if constructed as shown in Fig. 3, outputs to 
the RF and servo error generator 203 electrical signals a, b, c and d, each in 
proportion to the quantity of beam obtained from the respective optical detecting 
elements PDA, PDB, PDC and PDD. 

[089] The RF and servo error generator 203 combines the electrical 
signals a, b, c and d to generate an RF signal necessary for data reading, and a 
tracking error signal and a focus error signal, which are all necessary for a servo 
control. The read channel 1 signal is obtained by combining the electrical signals a, 
b, c and d from the split optical detector as a+b+c+d, and the read channel 2 signal is 
obtained by combining the electrical signals as (a+d)-(b+c). The tracking error signal 
is obtained by processing the read channel 2 signal through filtering. 

[090] The split photo detector, if divided into two photodiodes II and 12 
in the direction of tracks, detects the read channel 1 signal (= 11+12) and the read 
channel 2 signal (= 11-12) from the beam quantity balance of both photodiodes. 

[091] Here, a wobble signal written on each track as shown in Fig. 1 is 
detected only from the read channel 2 signal. 

[092] The present invention involves detection of detrack, tilt and 
defocus from variation of a difference signal between optical reflecting signals 
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detected from header areas staggered on the basis of track center, and compensation 
for the detected detrack, tilt and defocus. Examples of the difference signal between 
the optical reflecting signals include a channel 2 signal and a tracking error signal, 
each of which will be separately described later. 

[093] The present invention also provides detection and compensation 
processes for detrack, tilt and defocus, each of which will be separately described 
below in the order of detrack, tilt and defocus. 

[094] Detrack Detection and Compensation 

[095] Using read channel 2 signal 

[096] The present invention detects detrack using a level difference 
between read channel 2 signals detected at VFOl and VF03 areas in the header field 
and a wobble signal in the data area. The reason for using the signals of VFOl and 
VF03 areas lies in that the VFOl and VF03 areas are the longest and most stable 
areas in the header field and easy to detect. 

[097] For this, among the error signals detected at the RF and servo error 
generator 203, read channel 2 signals are input to the detrack detector 204. 

[098] The levels of the read channel 2 signals detected at the VFOl and 
VF03 areas appear negligible due to variation of the detrack offset with focus and 
tracking on, as shown in Table 1 . 



[099] [Table 1] 



Detrack Offset [ ] 


VFOl [V] 


VF03 [ ] 


0.00 


0.201 


0.183 


1.00 


0.187 


0.194 


2.00 


0.183 


0.190 


3.00 


0.192 


0.185 


4.00 


0.183 


0.197 


5.00 


0.183 


0.201 
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6.00 


0.187 


0.206 


7.00 


0.185 


0.185 


8.00 


0.176 


0.181 


9.00 


0.169 


0.178 


10.00 


0.160 


0.171 



[0100] Fig. 4 is a graph illustrating Table 1, in which the two signals are 
almost constant in level (VF01-VF03 « 0). 

[0101] That is, the signal levels are constant within the range of V k - < 
VF01+VF03 < V k + irrespective of detrack, for example, while moving the track 
sector. 

[0102] As shown in Figs. 5a-5c, the center of the wobble signal 
(hereinafter, referred to as "wobble center") shifts up/down due to variation of the 
detrack offset. 

[0103] Thus the quantity (= magnitude) and the direction of the detrack 
can be determined from comparison of the potential difference between the wobble 
center of the read channel 2 and the VFOl signal (VFOl potential - wobble center 
potential = Vppll) with the potential difference between the wobble center and the 
VF03 signal (VF03 potential - wobble center potential = Vppl2). 

[0104] That is, Figs. 5a-5c are exemplary diagrams showing read channel 
2 signals detected under variation of the detrack offset with the focus and tracking 
on when tilt is zero (= mechanism 0). Referring to Figs. 5a-5c, the signal on the 
above and left side is the read channel 2 signal detected at the VF0 area of the 
header 1,2 field and, in the inverse phase, the signal on the below and right side is 
the read channel 2 signal detected at the VF0 area of the header 3,4 field. 
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[0105] In the present invention, the wobble center shifts depending on the 
detrack offset and thereby a voltage V W c detected at the wobble center changes. 
Thus the voltages detected at VFOl and VF03 are used as reference levels. 

[0106] In a case where there is no detrack, i.e., the beam is correctly 
focused on the track center, the potential difference between the wobble center and 
the VFOl signal (Vppll = V V foi-Vwc) is almost equal to the potential difference 
between the wobble center and the VF03 signal (Vppl2 = V V fo3-V W c), as shown in 
Fig. 5b. 

[0107] This can be expressed by Equation 1 . 
[0108] [Equation 1] 

[0109] V W01 - V WC « VypQg - V WC 

[0110] The value Vvfoi (or Vvfo3> is determined while holding the peak 
and the bottom of the VFOl (or VF03) signal and then compared with the voltage of 
the wobble center. Alternatively, the value V V foi (or V V fo3) is determined while 
holding the center of the VFOl (or VF03) signal and then compared with the 
voltage of the wobble center. 

[0111] According to the present invention, if the potential difference 
Vppll between the VFOl signal and the wobble center is not equal to the potential 
difference Vppl2 between the VF02 signal and the wobble center, i.e., the absolute 
value of the difference between the two potential differences (== Vppll-Vppl2) 
exceeds a threshold V™, it is determined that detrack has occurred; otherwise, the 
beam is determined as correctly focused on the track center, that is, "on track". 

[0112] [Equation 2] 
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[0113] IVppll-Vppl^V™ 

[0114] As the values of the read channel 2 signals detected at the header 
1,2 field and the header 3,4 field are variable depending on the disc, the ratio of the 
two signals is normalized as expressed by Equation 3. 
[0115] [Equation 3] 

Vppll-Vppl2 



[0116] 



< V 



Thl 



Vppl 1 + Vppl 2 

[0117] In a case where it is determined that detrack has occurred as the 
absolute value of the difference between the two potentials Vppll and Vppl2 is 
larger than the threshold Vyhi, the magnitude and the direction of detrack are be 
detected from the absolute value and the sign of the potential difference, respectively. 

[0118] That is, when the value (= Vppl 1-Vppl2) is AVI and the absolute 
value of AVI is greater than the threshold Vmi, the magnitude and the direction of 
detrack can be known from the value and the sign of AVI, respectively. 

[0119] If the sign of AVI is negative (-), detrack is to be compensated by 
AVI in the positive (+) direction; otherwise, if the sign of AVI is positive (+), 
detrack is to be compensated by AVI in the negative (-) direction. Therefore, 
compensation for detrack has to be performed in such a direction as to equalize the 
two potential differences Vppll and Vppl 2. 

[0120] In connection with this, the detrack detector 204 outputs to the 
servo controller 207 detrack error signals indicating the magnitude and the direction 
of detrack, which correspond to the absolute value and the sign of AVI, respectively. 
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The servo controller 207 converts the detrack error signals to a tracking driving 
signal and outputs the tracking driving signal to the tracking driver 208. 

[0121] The tracking driver 208 drives a tracking actuator in the optical 
pickup 202 based on the tracking driving signal, i.e., moves the optical pickup 202 
by the magnitude of detrack in the positive (+) or negative (-) direction such that the 
optical pickup 202 lies in accord with the track center line of the optical disc 201. 

[0122] Fig. 6 is a flowchart of the above procedure. 

[0123] Referring to Fig. 6, the step 301 sets an initial detrack offset DT0, 
a threshold Vjhi and a detrack limit iteration number NL1. The step 302 measures 
Vppll and Vppl2 at detrack offset DT0, then calculating the difference between 
Vppll and Vppl2, i.e., AVI (= Vppll-Vppl2). The step 303 determines whether 
the absolute value of AVI exceeds the threshold Vrhi preset in the step 301. The 
reason for using the absolute value of AVI lies in that AVI can be a positive (+) or 
negative (-) value. If the absolute value of AVI is smaller than or equal to the 
threshold Vtm in the step 303, which means that no detrack occurs, i.e., the beam is 
correctly focused on the track center, the routine is terminated; otherwise, if the 
absolute value of AVI is larger than the threshold V™, which means that detrack 
occurs, the step 304 determines the direction of detrack from a judgment of whether 
the sign of AVI is positive (+) or negative (-). With negative (-) sign of AVI, the 
step 305 increments the detrack offset DT0; otherwise, with positive (+) sign of AVI, 
the step 306 measures again the variation AVI of the read channel 2 signals detected 
at the header field. Thereafter, the step 307 compares the absolute value of the 
variation AVI with the threshold V™. If the absolute value of AVI is smaller than 
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or equal to the threshold V™, the routine is terminated; otherwise, if the absolute 
value of AVI is larger than the threshold Vmi, which means that detrack is not 
completely compensated, the procedure proceeds to the step 308. The step 308 
applies the current loop iteration number to the detrack iteration number and the step 
309 compares the detrack iteration number with the preset detrack limit iteration 
number NL1. 

[0124] If the detrack iteration number is larger than or equal to the preset 
detrack limit iteration number NL1, the routine terminates; otherwise, the procedure 
returns to the step 305. 

[0125] This comparison of the detrack iteration number with the detrack 
limit iteration number is to prevent a possible case where the variation AVI exceeds 
the threshold Vjhu no convergence occurs. In such a case, the routine provides 
an unlimited loop, resets the detrack limit iteration number and compares the detrack 
limit iteration number with the detrack iteration number. 

[0126] Meanwhile, if the step 304 determines that the sign of AVI is 
positive (+), the detrack offset DT0 is decremented in step 310 and the variation 
AVI of the read channel 2 signals detected at the header field is measured again in 
step 311. The step 312 compares the absolute value of the variation AVI with the 
threshold Vxhi- If the absolute value of AVI is smaller than or equal to the threshold 
Vtm, the routine is terminated; otherwise, if the absolute value of AVI is larger than 
the threshold Vyhi, which means that detrack is not completely compensated, the 
procedure proceeds to the step 313. The step 313 applies the current loop iteration 
number to the detrack iteration number and the step 314 compares the detrack 
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iteration number with the preset detrack limit iteration number NL1. If the detrack 
iteration number is larger than or equal to the detrack limit iteration number, the 
routine terminates; otherwise, the procedure returns to the step 310. 
[0127] 2) Using tracking error signal 

[0128] The present invention detects detrack using a level difference 
between tracking channel 2 signals detected at the header 1,2 field and the header 
3,4 field staggered with respect to each other and a reference signal. The reference 
signal level is the center level of the tracking error signal detected at a user area. 

[0129] For this, the tracking error (TE) signals among the servo error 
signals detected at the RF and servo error generator 203 are input to the detrack 
detector 204. The TE signals can be obtained by filtering the read channel 2 signals, 
for example, using a low-pass filter. 

[0130] After sampling the tracking error signals output from the header 
1,2 field and the header 3,4 field, the detrack detector 204 detects the level 
difference between the tracking error signals and the reference signal 

[0131] Table 2 shows the tracking error signal levels under best conditions 
for generating the servo error signals while controlling defocus and detrack in a state 
of tilt zero (i.e., mechanism 0), in which the tracking error signal levels vary 
depending on variation of the detrack offset at fixed tilt and defocus offsets. 



[0132] [Table 2] 



Detrack Offset [ ] 


Header 1,2 [V] 


Header 3,4 [V] 


0.00 


4.90 


0.50 


1.00 


4.30 


1.30 


2.00 


4.10 


1.50 


3.00 


3.70 


2.10 


4.00 


3.20 


2.50 


5.00 


2.50 


3.10 
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6.00 


1.70 


4.00 


7.00 


0.80 


4.30 


8.00 


0.20 


4.80 


9.00 


0.00 


4.90 


10.00 


-1.10 


5.50 



[0133] Fig. 7 is a graph illustrating Table 2, in which no detrack is 
detected when the potential difference between the tracking error signal detected at 
the header 1,2 field and the reference signal is in symmetric relation with the 
potential difference between the tracking error signal detected at the header 3,4 field 
and the reference signal. 

[0134] That is, the tracking error signals are significantly shifted up and 
down in the header field. For tracking error signals detected at the user area on 
which data is actually written, the two potential differences are almost equal to each 
other when no detrack occurs, i.e., the beam is focused on the track center, whereas 
they are not equal to each other when detrack occurs, i.e., the beam passes through 
the header 1,2 field and the header 3,4 field. 

[0135] Thus whether or not detrack has occurred can be determined by 
comparing the potential difference between the tracking error signal at the header 
1,2 field and the reference signal (tracking error signal potential at header 1,2 field - 
reference potential = Vpll) with the potential difference between the tracking error 
signal at the header 3,4 field and the reference signal (tracking error signal potential 
at header 3,4 field - reference potential = Vpl2). 

[0136] Figs. 8a-8c are exemplary diagrams showing tracking error signals 
varying depending on variation of the detrack offset with tracking and focus on at tilt 
= 0. 
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[0137] Referring Figs. 8a-8c, the left-hand signal is the tracking error 
signal V H di2 detected at the header 1,2 field, the right-hand signal being the tracking 
error signal V H D34. A voltage V T e detected at the center level of the tracking error 
signal at the user area is preferably the voltage of the reference level. 

[0138] In a case where no detrack occurs, the potential difference between 
the tracking error signal at the header 1,2 field and the reference level 
( Vpl 1 = | v hdi2 - v te | ) is almost equal to the potential difference between the 
tracking error signal at the header 3,4 field and the reference level 
( Vpl2 = |V HD34 -V TE |), as shown in Fig. 8b. That is, the potential difference 

Vpl 1 = - V TE | is in symmetric relation with the potential difference 

Vpl2 = |V HD34 -V TE |. 

[0139] This can be expressed by Equation 4. 

[0140] [Equation 4] 

[0141] \V mi2 - V TE | « | V HD34 - V TE | 

[0142] It is determined that no detrack has occurred, when the potential 
difference Vpll between the tracking error signal at the header 1,2 field and the 
reference level is not equal to the potential difference Vpl 2 between the tracking 
error signal at the header 3,4 field and the reference level, as shown in Figs. 8a and 
8c, i.e., the potential difference Vpll is in asymmetric relation with to the potential 
difference Vpl 2. The asymmetry increases with greater magnitude of detrack. 

[0143] The can be expressed by Equation 5. 

[0144] [Equation 5] 

[0145] \V mi2 - V TE | * | V HD34 - V TE | 
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[0146] It is determined that detrack occurs, when the potential difference 
between the tracking error signal at the header 1,2 field and the reference level 
(Vpl 1 = 1X^,2 -V TE |) is not equal to the potential difference between the tracking 
error signal at the header 3,4 field and the reference level (Vpl2 = |V HD34 -V TE |), 
i.e., the absolute value of the difference between the two potentials (= Vpll-Vpl2) 
exceeds a threshold Vxh2. Otherwise, as expressed by Equation 6, it is determined as 
"on-track" where the beam is correctly focused on the track center. 

[0147] [Equation 6] 

[0148] IVpll-Vpl^V™ 

[0149] As such, after calculation of the potential difference Vpll between 
the tracking error signal at the header 1,2 field and the reference level, and the 
potential difference Vpl2 between the tracking error signal at the header 3,4 field 
and the reference level, the difference between the two potential differences Vpll 
and Vpl2 is compared with the threshold, as a result of which the magnitude and the 
direction of detrack are detected. 

[0150] When the difference between the two potential differences (Vpl 1- 
Vpl2) is AV2, the absolute value of AV2 indicates the magnitude of detrack, the 
sign of AV2 indicating the direction of detrack. That is, it is detected in which 
direction the optical disc is deflected from the track center with respect to a normal 
state. 

[0151] If the sign of AV2 is negative (-), detrack is to be compensated by 
AVI in the positive (+) direction; otherwise, if the sign of AV2 is positive (+), 
detrack is to be compensated by AV2 in the negative (-) direction. That is, 
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compensation for detrack has to be performed in such a direction as to equalize the 
two potential differences Vpll and Vpl2, i.e., the value AV2 becomes zero. 

[0152] Because the values of the tracking error signals detected at the 
header 1,2 field and the header 3,4 field are variable depending on the disc, the ratio 
of the two signals is normalized as expressed by Equation 7. 
[0153] [Equation 7] 
Vpll-Vpl2 



[0154] 



V-Th2 



Vpll + Vpl2 

[0155] That is, if the Equation 7 is satisfied, it is determined that no 
detrack has occurred, otherwise, it means that detrack has occurred, after which the 
magnitude and the direction of detrack are detected from the absolute value and the 
sign of (Vpll-Vpl2), respectively. 

[0156] In connection with this, the detrack detector 204 calculates AV2 in 
the above-described manner and outputs to the servo controller 207 detrack error 
signals indicating the magnitude and the direction of detrack, which correspond to 
the absolute value and the sign of AV2, respectively. The servo controller 207 
converts the detrack error signals to a tracking driving signal and outputs the 
tracking driving signal to the tracking driver 208. That is, the servo controller 207 
generates a tracking driving signal such that the potential difference between the 
tracking error signal at the header 1,2 field and the reference level 
( Vpl 1 = | - V TE | ) is in symmetric relation with the potential difference between 
the tracking error signal at the header 3,4 field and the reference level 
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( Vpl2 = \V m34 - V TE | ), and outputs the tracking driving signal to the tracking driver 
208. 

[0157] The tracking driver 208 moves a tracking actuator in the optical 
pickup 202 based on the tracking error signal, i.e., by the magnitude of detrack in the 
positive (+) or negative (-) direction such that the optical pickup 202 lies in accord 
with the track center line of the optical disc 201. 

[0158] Fig. 9 is a flowchart of the above procedure. 

[0159] Referring to Fig. 9, the step 401 sets an initial detrack offset DTO, 
a threshold Vjh2 and a detrack limit iteration number NL1 . 

[0160] The step 402 measures Vpll and Vpl2 at detrack offset DTO, then 
calculating the difference between Vpll and Vpl2, i.e., AV2 (= Vpll-Vpl2). The 
step 403 determines whether the absolute value of AV2 exceeds the threshold Vrh2 
preset in the step 401. If the absolute value of AV2 is smaller than or equal to the 
threshold Vxh2 in the step 403, which means "on-track", i.e., the beam is correctly 
focused on the track center, the routine is terminated; otherwise, if the absolute value 
of AV2 is larger than the threshold Vth2, which means that detrack occurs, the step 
404 determines the direction of detrack from a judgment of whether the sign of AV2 
is positive (+) or negative (-). With the negative (-) sign of AV2, the step 405 
increments the detrack offset DTO and the step 406 measures again the variation 
AV2 of the tracking error signals detected at the header 1,2 field and the header 3,4 
field. Then, the step 407 compares the absolute value of the variation AV2 with the 
threshold VW If the absolute value of AV2 is smaller than or equal to the threshold 
V™, the routine is terminated; otherwise, if the absolute value of AV2 is larger than 
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the threshold Vjh2 ? which means that detrack is not completely compensated, the 
procedure proceeds to the step 408. The step 408 applies the current loop iteration 
number to the detrack iteration number and the step 409 compares the detrack 
iteration number with the preset detrack limit iteration number NL1. If the detrack 
iteration number is larger than or equal to the preset detrack limit iteration number 
NL1, the routine terminates; otherwise, the procedure returns to the step 405. 

[0161] Meanwhile, if the sign of AV2 is positive (+) in step 404, the step 
410 decrements detrack offset DT0 and the above process is repeated in steps 411 to 
414. 

[0162] The present invention presets the thresholds and reduces time 
required for detecting and compensating detrack during the actual data write 
operation, thereby enabling a real time write operation through rapid stabilization of 
tracking servo. 

[0163] Tilt Detection and Compensation 

[0164] Using read channel 2 signal 

[0165] The track center value is best detected from wobble signals, since 
the wobble signals are formed regularly along the track boundary during fabrication 
of the disc and tilt does not affect the center of the wobble signals. 

[0166] Thus the present invention detects tilt using a level difference 
between VFOl and VF03 signals at the header field of read channel 2 and the track 
center. 

[0167] For this, among error signals detected at the RF and servo error 
generator 203, read channel 2 signals are input to the tilt detector 205. 
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[0168] The levels of read channel 2 signals detected at VFOl and VF03 
areas appear negligible due to variation of tilt with focus and tracking on, as shown 
in Table 3. 



[0169] [Table 3] 



Radial Tilt [ °] 


VFOl [V] 


VF03 [V] 


-1.0 


0.201 


0.178 


-0.8 


0.215 


0.183 


-0.6 


0.210 


0.187 


-0.4 


0.197 


0.187 


-0.2 


0.197 


0.201 


0.0 


0.192 


0.206 


0.2 


0.210 


0.178 


0.4 


0.151 


0.224 


0.6 


0.127 


0.219 


0.8 


0.110 


0.215 


1.0 


0.114 


0.197 



[0170] Fig. 10 is a graph illustrating Table 3, in which the two signals are 
almost constant in level (VF01-VF03 « 0). 

[0171] That is, the signal levels are constant within the range of V k - < 
VF01+VF03 < V k+ irrespective of tilt. 

[0172] As shown in Figs, lla-llc, the VFOl and VF03 signals are 
shifted above/below the track center due to variation of tilt. However, tilt does not 
affect the track center. 

[0173] Thus the quantity (= magnitude) and the direction of the tilt can be 
detected from comparison of the potential difference between the track center and 
the VFOl signal of read channel 2 (VFOl potential - track center potential = 
Vpp21) with the potential difference between the track center and the VF03 signal 
of read channel 2 (VF03 potential - track center potential = Vpp22). 



-32- 



Attorney Docket No. 0465-1041P 

[0174] That is, Figs, lla-llc are exemplary diagrams showing read 
channel 2 signals detected under variation of tilt with the focus and tracking on. 
Referring to Figs, lla-llc, the left-hand signal is the read channel 2 signal detected 
at the VF01 area of the header field and the right-hand signal is the read channel 2 
signal detected at the VF03 area of the header field. The voltage V W c detected at the 
track center is the reference voltage. 

[0175] In a case where tilt is zero, i.e., there is no radial tilt, the potential 
difference between the track center and the VFOl signal (Vpp21 = V V foi-V W c) is 
almost equal to the potential difference between the track center and the VF03 
signal (Vpp22 = V V fo3-V W c), as shown in Fig. lib. This means, the potential 
difference Vpp21 is in symmetric relation with the potential difference Vpp22. 

[0176] This can be expressed by Equation 8. 

[0177] [Equation 8] 

[0178] V W01 - V wc « V VF03 - V wc 

[0179] The value Vvfoi (or Vvfo3> is determined while holding the peak 
and the bottom of the VFOl (or VF03) signal and then compared with the voltage of 
the track center. Alternatively, The value Wfoi (or V V fo3) is determined while 
holding the center of the VFOl (or VF03) signal and then compared with the 
voltage of the track center. 

[0180] If the potential difference Vpp21 between the VFOl signal and the 
track center is not equal to the potential difference Vpp22 between the VF02 signal 
and the track center, i.e., Vpp21 is in asymmetric relation with Vpp22, it means that 
tilt occurs. 
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[0181] For example, as shown in Fig. 11a, when 
Vvfoi -V wc >- v vfo3 - V wc> i e - V PP 21 > V PP 22 > ^ means that tUt of about 10 
occurs; and as shown in Fig. 11c, when V VF01 - V wc -< V VF03 -V wc , i.e., Vpp21 < 

Vpp22, it means that tilt of about -1° occurs 

[0182] As such, the magnitude and the direction of tilt can be detected 
from calculation of the potential difference Vpp21 between the track center and the 
VFOl signal and the potential difference Vpp22 between the track center and the 
VF02 signal, and comparison of the two potential differences. 

[0183] When the value (= Vpp21-Vpp22) is AV3 and the absolute value 
of AV3, the magnitude and the direction of tilt are detected from the value and the 
sign of AV3, respectively. That is, it can be known whether the disc is bending up or 
down with respect to a normal state. 

[0184] If the sign of AV3 is negative (-), tilt is to be compensated by AV3 
in the positive (+) direction; otherwise, if the sign of AV3 is positive (+), tilt is to be 
compensated by AV3 in the negative (-) direction. Therefore, compensation for tilt 
has to be performed in such a direction as to equalize the two potential differences 
Vpp21 andVpp22. 

[0185] In connection with this, the tilt detector 205 outputs to the servo 
controller 207 tilt error signals indicating the magnitude and the direction of tilt, 
which correspond to the absolute value and the sign of AV3, respectively. The servo 
controller 207 converts the tilt error signals to a tilt driving signal and outputs the tilt 
driving signal to the tilt driver 209. 
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[0186] The tilt driver 209 moves the disc or the optical pickup for direct 
control of tilt based on the tilt driving signal, i.e., by the magnitude of tilt in the 
positive (+) or negative (-) direction. 

[0187] Fig. 12 is a flowchart of the above procedure. 

[0188] Referring to Fig. 12, the step 501 sets an initial tilt offset TO, a 
threshold Vxh3 and a tilt limit iteration number NL2. The step 502 measures Vpp21 
and Vpp22 at tilt offset TO, then calculating the difference between Vpp21 and 
Vpp22, i.e., AV3 (= Vpp21-Vpp22). The step 503 determines whether the absolute 
value of AV3 exceeds the threshold Vxh3 preset in the step 501. If the absolute value 
of AV3 is smaller than or equal to the threshold Vxh3 in the step 503, which means 
that no tilt occurs, the routine is terminated; otherwise, if the absolute value of AV3 
is larger than the threshold Vrh3, which means that tilt occurs, the step 504 
determines the direction of tilt from a judgment of whether the sign of AV3 is 
positive (+) or negative (-). 

[0189] With negative (-) sign of AV3, the step 505 increments the tilt 
offset TO and the step 506 measures again the variation AV3 of the read channel 2 
signals detected at the VFOl and VF03 areas in the header field. Then, the step 507 
compares the absolute value of the variation AV3 with the threshold Vxh3. If the 
absolute value of AV3 is smaller than or equal to the threshold Vxh3, the routine is 
terminated; otherwise, if the absolute value of AV3 is larger than the threshold V™, 
which means that tilt is not completely compensated, the procedure proceeds to the 
step 508. The step 508 applies the current loop iteration number to the tilt iteration 
number and the step 509 compares the tilt iteration number with the preset tilt limit 
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iteration number NL2. If the tilt iteration number is larger than or equal to the preset 
tilt limit iteration number NL2, the routine terminates; otherwise, the procedure 
returns to the step 505. 

[0190] Meanwhile, if the step 504 determines that the sign of AV3 is 
positive (+), the tilt offset TO is decremented in step 510 and the above process is 
repeated in steps 511 to 514. The determination and comparison process for the tilt 
limit iteration number NL2 is the same in reason as the previously described process 
for the detrack limit iteration number NL1 . 

[0191] The present invention can detect the magnitude and the direction 
of tilt by using a ground level (also, called "initial level") rather than the track center 
as the reference value for detecting tilt. 

[0192] For this, the present invention can use either one of VFOl and 
VF03 signals of read channel 2 in the header field as well as both of them. Also, the 
present invention can use a voltage V B oti or Vbot2 while holding the bottom of read 
channel 2 signals in the header field, or a voltage V TO pi or V T op2 while holding the 
top of the read channel 2 signals. 

[0193] For example, it is supposed that use is made of a read channel 2 
signal at the VFOl area in the header field, particularly, a voltage obtained by 
holding the top of the read channel 2 signal at the VFOl area. 

[0194] First, a potential difference Vtopi is measured between the ground 
potential when no tilt occurs and the top signal of the read channel 2 signal at the 
VFOl area. If the potential difference Vtopi is measured when no tilt occurs, as 
shown in Fig. 13b, tilt is detected with the potential difference used as a preset 
threshold. 
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[0195] That is, if the potential difference between the ground potential and 
the top signal of the read channel 2 signal at the VFOl is not equal to the potential 
difference measured when no tilt occurs, it means that tilt has occurred. 

[0196] It is determined that tilt has occurred, for example, if the potential 
difference V'topi between the ground potential and the top signal of the read channel 
2 signal at the VFOl area is higher than the potential difference V TO pi measured 
when no tilt occurs, as shown in Fig. 13a, or if the potential difference V'topi 
between the ground potential and the top signal of the read channel 2 signal at the 
VFOl area is lower than the potential difference Vtopi measured when no tilt occurs, 
as shown in Fig. 13c. 

[0197] The direction of tilt can be known from the sign of the difference 
between the two potential differences. That is, the magnitude and the direction of tilt 
can be detected from the absolute value and the sign of the difference between the 
two potential differences. 

[0198] For example, when Vtopi-V"topi = +AV3', which means that tilt 
has occurred by AV3', as shown in Fig. 13c, compensation for tilt has to be 
performed by AV3' in the negative (-) direction. 

[0199] The present invention also uses the potential difference Vboti as a 
reference value at the time when no tilt occurs and detects the magnitude and the 
direction of tilt using the relationship between the reference value and the potential 
difference between the ground potential and the bottom signal of the read channel 2 
signal at the VFOl area. Likewise, the present invention uses Vjop2 and Vbot2* 
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[0200] Such as in the present invention, during tilt or servo control, the 
quantity of tilt between the optical axis and the disc plane can be detected and 
controlled by any one of the above-stated methods. 

[0201] 2) Using tracking error signal 

[0202] The present invention detects tilt using a level difference between 
tracking error signals detected at the header 1,2 field and the header 3,4 field 
staggered with respect to each other and a reference signal. The reference signal 
level is the center level of the tracking error signal detected at a user area. 

[0203] For this, the tracking error (TE) signals among the servo error 
signals detected at the RF and servo error generator 203 are input to the tilt detector 
205 

[0204] After sampling the tracking error signals output from the header 
1,2 field and the header 3,4 field, the tilt detector 205 detects the level difference 
between the tracking error signals and the reference signal 

[0205] Table 4 shows the tracking error signal levels detected while 
varying tilt at fixed detrack and defocus offsets with focus and tracking on. 



[0206] [Table 4] 



Radial Tilt [ °] 


Header 1,2 [V] 


Header 3,4 [V] 


-1.0 


0.70 


3.30 


-0.8 


1.00 


3.50 


-0.6 


1.50 


3.50 


-0.4 


1.80 


3.70 


-0.2 


2.20 


3.40 


0.0 


2.20 


3.10 


0.2 


2.40 


3.10 


0.4 


2.40 


2.90 


0.6 


2.40 


2.60 


0.8 


L 2 - 20 


2.40 


1.0 


2.10 


1.80 
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[0207] Fig. 14 is a graph illustrating Table 4, in which it means that no tilt 
has occurred when the potential difference between the tracking error signal detected 
at the header 1,2 field and the reference signal is in symmetric relation with the 
potential difference between the tracking error signal detected at the header 3,4 field 
and the reference signal. 

[0208] That is, the tracking error signals are significantly shifted up and 
down in the header field. For tracking error signals detected at the user area on 
which data is actually written, the two potential differences are almost equal to each 
other when no tilt occurs, i.e., the beam is at the track center, whereas they are not 
equal to each other when tilt occurs, i.e., the beam passes through the header 1,2 
field and the header 3,4 field. 

[0209] Thus whether tilt has occurred or not can be determined by 
comparing the potential difference between the tracking error signal at the header 
1,2 field and the reference signal (tracking error signal potential at header 1,2 field - 
reference potential = Vp21) with the potential difference between the tracking error 
signal at the header 3,4 field and the reference signal (tracking error signal potential 
at header 3,4 field - reference potential = Vp22). 

[0210] Figs. 15a- 15c are exemplary diagrams showing tracking error 
signals varying depending on variation of the tilt offset with tracking and focus on. 

[0211] Referring Figs. 15a- 15c, the left-hand signal is the tracking error 
signal Vhdi2 detected at the header 1,2 field, the right-hand signal being the tracking 
error signal V H D34- A voltage V T e detected at the center level of the tracking error 
signal at the user area is preferably the voltage of the reference level. 
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[0212] In a case where no tilt occurs, the potential difference between the 
tracking error signal at the header 1,2 field and the reference level 
( Vp21 ^Vhuu - V TE | ) is almost equal to the potential difference between the 
tracking error signal at the header 3,4 field and the reference level 
( Vp22 = \V m s4 ~ V TE | ), as shown in Fig. 15b. That is, the potential difference 

Vp21 = |V HD12 - V TE | is in symmetric relation with the potential difference 
Vp22 = |V HD34 -V TE |. 

[0213] This can be expressed by Equation 9. 

[0214] [Equation 9] 

[0215] IV^-V^j^lV^-V^I 

[0216] It is determined that no tilt has occurred, when the potential 
difference Vp21 between the tracking error signal at the header 1,2 field and the 
reference level is not equal to the potential difference Vp22 between the tracking 
error signal at the header 3,4 field and the reference level, as shown in Figs. 15a and 
15c, i.e., the potential difference Vp21 is in asymmetric relation with to the potential 
difference Vp22. The asymmetry increases with greater magnitude of tilt. 

[021 7] The can be expressed by Equation 1 0. 

[0218] [Equation 10] 

[0219] IV^-V^^jV^-V^I 

[0220] It is determined that tilt has occurred, when the potential difference 
between the tracking error signal at the header 1,2 field and the reference level 
(Vp21 = \Vudi2 ~ Vte|) is not equal to the potential difference between the tracking 
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error signal at the header 3,4 field and the reference level (Vp22 ^jV^^ - V TE |), 

i.e., the absolute value of the difference between the two potentials (= Vp21-Vp22) 
exceeds a threshold Vxh4. Otherwise, as expressed by Equation 11, it is determined 
that no tilt has occurred. 

[0221] [Equation 11] 

[0222] |Vp21-Vp22|<V Th4 

[0223] As such, after calculation of the potential difference Vp21 between 
the tracking error signal at the header 1,2 field and the reference level, and the 
potential difference Vp22 between the tracking error signal at the header 3,4 field 
and the reference level, the difference between the two potential differences Vp21 
and Vp22 is compared with the threshold, as a result of which the magnitude and the 
direction of tilt are detected. 

[0224] When the difference between the two potential differences (Vp21- 
Vp22) is AV4, the absolute value of AV4 indicates the magnitude of tilt, the sign of 
AV4 indicating the direction of tilt. That is, it can be detected whether the disc is 
bending up or down with respect to a normal state. 

[0225] If the sign of AV4 is negative (-), tilt is to be compensated by AV4 
in the positive (+) direction; otherwise, if the sign of AV4 is positive (+), tilt is to be 
compensated by AV4 in the negative (-) direction. That is, compensation for tilt has 
to be performed in such a direction as to equalize the two potential differences Vp21 
and Vp22. 
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[0226] Because the values of the tracking error signals detected at the 
header 1,2 field and the header 3,4 field are variable depending on the disc, the ratio 
of the two signals is normalized as expressed by Equation 12. 
[0227] [Equation 12] 
Vp21-Vp22 



[0228] 



Vp21 + Vp22 

[0229] That is, if the Equation 12 is satisfied, it is determined that no tilt 
has occurred, otherwise, it means that tilt has occurred, after which the magnitude 
and the direction of tilt are detected from the absolute value and the sign of (Vp21- 
Vp22), respectively. 

[0230] In connection with this, the tilt detector 205 calculates AV4 in the 
above-described manner and outputs to the servo controller 207 tilt error signals 
indicating the magnitude and the direction of tilt, which correspond to the absolute 
value and the sign of AV4, respectively. The servo controller 207 converts the tilt 
error signals to a tracking driving signal and outputs the tracking driving signal to 
the tilt driver 209. 

[0231] The tilt driver 209 moves the disc or the optical pickup for direct 
control of tilt based on the tilt driving signal, i.e., by the magnitude of tilt in the 
positive (+) or negative (-) direction. That is, tilt control is performed in such a 
manner that the potential difference Vp21 = (V^^ - V TE | is in symmetric relation 

with the potential difference Vp22 = {Y^^ - V TE | , or that | Vp2 1 - Vp22| < V Th4 is 
satisfied. 

[0232] Fig. 16 is a flowchart of the above procedure. 
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[0233] Referring to Fig. 16, the step 601 sets an initial tilt offset TO, a 
threshold Vjh4 and a tilt limit iteration number NL2. 

[0234] The step 602 measures Vp21 and Vp22 at tilt offset TO, then 
calculating the difference between Vp21 and Vp22, i.e., AV4 (= Vp21-Vp22). The 
step 603 determines whether the absolute value of AV4 exceeds the threshold Vm4 
preset in the step 601. If the absolute value of AV4 is smaller than or equal to the 
threshold Vxh4 in the step 603, which means that no tilt has occurred, the routine is 
terminated; otherwise, if the absolute value of AV4 is larger than the threshold Vxh4 5 
which means that tilt has occurred, the step 604 determines the direction of tilt from 
a judgment of whether the sign of AV4 is positive (+) or negative (-). With the 
negative (-) sign of AV4, the step 605 increments the tilt offset TO and the step 606 
measures again the variation AV4 of the tracking error signals detected at the header 
1,2 field and the header 3,4 field. Then, the step 607 compares the absolute value of 
the variation AV4 with the threshold V™. If the absolute value of AV4 is smaller 
than or equal to the threshold Vxh4, the routine is terminated; otherwise, if the 
absolute value of AV4 is larger than the threshold V^, which means that tilt is not 
completely compensated, the procedure proceeds to the step 608. The step 608 
applies the current loop iteration number to the tilt iteration number and the step 609 
compares the tilt iteration number with the preset tilt limit iteration number NL2. If 
the tilt iteration number is larger than or equal to the preset tilt limit iteration number 
NL2, the routine terminates; otherwise, the procedure returns to the step 605. 
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[0235] Meanwhile, if the sign of AV4 is positive (+) in step 604, the step 
610 decrements the tilt offset TO and the above process is repeated in steps 611 to 
614. 

[0236] Such as in the present invention, during tilt or servo control, the 
quantity of tilt between the optical axis and the disc plane can be detected and 
controlled by any one of the above-stated methods. 

[0237] The present invention presets the thresholds and reduces time 
required for detecting and compensating tilt during the actual data write operation, 
thereby enabling a real time write operation through rapid stabilization of tracking 
servo. 

[0238] Defocus Detection and Compensation 
[0239] Using read channel 2 signal 

[0240] The present invention detects defocus from variations of VFOl 
and VF03 signals in the header field. Here, the error area is used because of 
similarity of land and groove characteristics, and the reason for using signals of 
VFOl and VF03 areas in the header field lies in that the VFOl and VF03 areas are 
the longest and most stable areas in the header field and easy to detect. 

[0241] To detect the magnitude and the direction of defocus from 
variations of read channel 2 signals detected at VFOl and VF03 areas in the header 
field, read channel 2 signals among the error signals detected at the RF and servo 
error generator 203 are input to the defocus detector 206. The defocus detector 206 
detects the levels of the read channel 2 signals, i.e., peak-to-peak voltages Vpp31 
and Vpp32 to determine presence of defocus. 
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[0242] Table 5 shows read channel 2 signals detected at VFOl and VF03 
areas with track on after controlling defocus and detrack at tilt = 0 (i.e., mechanism 
= 0) for obtaining highest and planarized tracking error signals, in which the read 
channel 2 signal levels at VFOl and VF03 areas are changed due to variation of a 
defocus offset with fixed tilt and detrack offsets. 



[0243] [Table 5] 



Defocus Offset [ ] 


VFOl [V] 


VF03 [V] 


0.00 






1.00 






2.00 


0.142 


0.087 


3.00 


0.178 


0.151 


4.08 


0.192 


0.199 


5.00 


0.162 


0.201 


6.00 


0.119 


0.181 


7.00 


0.064 


0.139 


8.00 


0.021 


0.089 


9.00 






10.00 







[0244] Fig. 17 is a graph illustrating Table 5, in which no defocus is 
detected at highest voltage levels Vpp31 and Vpp32 of read channel 2 signals at 
VFOl and VF03 areas and the direction of defocus is detected from the sign of 
Vpp31-Vpp32. 

[0245] That is, detection of defocus is based on the principle that 
variations of read channel 2 signals at VFOl and VF03 areas in the header field, e.g., 
peak-to-peak levels Vpp31 and Vpp32 depend on the degree of defocus. 

[0246] If no defocus has occurred, i.e., "on- focus", then Vpp31-Vpp32 » 
0 and Vpp31+Vpp32 = maximum, where Vpp31 and Vpp32 are peak-to-peak 
voltages of read channel 2 signals detected at VFOl and VF03 areas. No defocus is 
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also detected when Vpp31-Vpp32 < Vrh5, where Vms is a predetermined threshold 
value, instead of Vpp31-Vpp32 » 0. 

[0247] Otherwise, if defocus has occurred, then Vpp31-Vpp32 * 0 (the 
sign of the difference value depends on the direction of defocus) and Vpp31+Vpp32 
* maximum. Defocus is also detected when Vpp31-Vpp32 > Vrhs, where Vjhs is a 
predetermined threshold value. The direction of defocus is known from the sign of 
Vpp31-Vpp32. 

[0248] Referring to Table 5 or Fig. 17, at defocus offset 4.08, Vpp31- 
Vpp32 « 0, Vpp31+Vpp32 = maximum and the curve has an inflection. That is, the 
value Vpp31-Vpp32 is varying in one direction (e.g., successively increasing or 
decreasing) on the basis of defocus offset 4.08, which facilitates signal detection. 

[0249] Figs 18a- 18c are exemplary diagrams showing the level variation 
of the read channel 2 signals detected at a variable defocus offset under the same 
conditions as Table 5. 

[0250] Referring to Figs. 18a- 18c, the value Vpp31+Vpp32 is at 
maximum in Fig. 18b, which means that no defocus has occurred. And, defocus is 
detected in Figs. 18a and 18c. 

[0251] If the value Vpp31-Vpp32 is AV5 and the absolute value of AV5 
is larger than the threshold Vrh5 or the value Vpp31+Vpp32 is not at maximum, then 
compensation for defocus has to be performed in the positive (+)/negative (-) 
direction when the sign of AV5 is negative (-)/positive (+). 

[0252] As the values Vpp31 and Vpp32 are variable depending on the disc, 
the ratio of the two signals is normalized as expressed by Equation 13. 
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[0253] [Equation 13] 

Vpp31-Vpp32 



[0254] 



^Th5 



Vpp31 + Vpp32 

[0255] If Equation 13 is satisfied, no defocus has occurred. Otherwise, if 
Equation 13 is not satisfied, it is determined that focus has occurred, and the 
magnitude and the direction of defocus are detected from the absolute value and the 
sign of the difference (= Vpp31-Vpp32), respectively. 

[0256] In connection with this, the defocus detector 206 outputs to the 
servo controller 207 defocus error signals indicating the magnitude and the direction 
of defocus detected in the above process. The servo controller 207 converts the 
defocus error signals to a focus driving signal and outputs the focus driving signal to 
the focus driver 210. 

[0257] The tracking driver 210 drives a focus actuator in the optical 
pickup 202 based on the focus driving signal, i.e., moves the optical pickup 202 by 
the magnitude of defocus in the positive (+) or negative (-) direction such that the 
object lens is separated from the optical disc at a constant distance. 

[0258] Fig. 19 is a flowchart of the above procedure. 

[0259] Referring to Fig. 19, the step 701 sets an initial defocus offset DF0, 
a threshold Vjhs and a defocus limit iteration number NL3. The step 702 measures 
Vpp31 and Vpp32 at defocus offset DF0, then calculating the difference AV5 (= 
Vpp31-Vpp32) and the sum AV5' (= Vpp31+Vpp32). The step 703 determines 
whether the absolute value of AV5 is smaller than or equal to the threshold Vyhs 
preset in the step 701 and the sum AV5' is at maximum. If the absolute value of AV5 
is smaller than or equal to the threshold Vxh5 and the sum AV5' is at maximum in the 
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step 703, which means that no defocus has occurred, the routine is terminated. 
Otherwise, if the absolute value of AV5 is larger than the threshold Vxh5 or the sum 
AV5' is not at maximum, which means that defocus has occurred, the step 704 
detects the sign of AV5. 

[0260] With negative (-) sign of AV5, the step 705 increments the defocus 
offset DF0 and the step 706 measures again the difference AV5 and the sum AV5' 
for the read channel 2 signals detected at VFOl and VF03 areas in the header field. 
Then, the step 707 compares the absolute value of AV5 with the threshold Vxh5 and 
determines whether the sum AV5' is at maximum. If the absolute value of AV5 is 
smaller than or equal to the threshold Vxh5 and the sum AV5 r is at maximum, the 
routine is terminated. Otherwise, if the absolute value of AV5 is larger than the 
threshold Vxh5 or the sum AV5' is not at maximum, which means that defocus is not 
completely compensated, the procedure proceeds to the step 708. The step 708 
applies the current loop iteration number to the defocus iteration number and the 
step 709 compares the defocus iteration number with the preset defocus limit 
iteration number NL3. 

[0261] If the defocus iteration number is larger than or equal to the preset 
defocus limit iteration number, the routine terminates; otherwise, the procedure 
returns to the step 705. 

[0262] Meanwhile, if the step 704 determines that the sign of AV5 is 
positive (+), the defocus offset DF0 is decremented in step 710 and the above 
process is repeated in steps 711 to 714. Likewise, the determination and comparison 
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process for the defocus limit iteration number NL3 is the same in reason as the 
previously described process for the detrack limit iteration number NL1 . 

[0263] 2) Using read channel 1 signal and read channel 2 signal 

[0264] The present invention also detects defocus using both read channel 
1 signals and read channel 2 signals. 

[0265] That is, defocus is detected from variation of read channel 1 
signals at VFOl and VF03 areas in the header field and the magnitude and the 
direction of defocus are detected from variation of read channel 2 signals. 

[0266] For this purpose, among the error signals detected at the RF and 
servo error generator 203, both read channel 1 signals and read channel 2 signals are 
input to the defocus detector 206. The defocus detector 206 detects the levels of the 
read channel 1 signals, i.e., peak-to-peak voltages to determine presence of defocus. 

[0267] Table 6 shows read channel 1 signals detected at VFOl and VF03 
areas with track on after controlling defocus and detrack at tilt = 0 (i.e., mechanism 
= 0) for obtaining highest and planarized tracking error signals, in which the read 
channel 1 signal levels at VFOl and VF03 areas are changed due to variation of a 
defocus offset with fixed tilt and detrack offsets. 



[0268] [Table 6] 



Defocus Offset [ ] 


VFOl [V] 


VF03 [V] 


0.00 






1.00 






2.00 


0.126 


0.137 


3.00 


0.162 


0.185 


4.08 


0.192 


0.187 


5.00 


0.206 


0.183 


6.00 


0.176 


0.153 


7.00 


0.121 


0.114 


8.00 


0.069 


0.073 


9.00 
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10.00 I 

[0269] Fig. 20 is a graph illustrating Table 6, in which no defocus is 
detected at highest voltage levels Vpp3 1 ' and Vpp32' of read channel 1 signals at 
VFOl and VF03 areas, and the magnitude and the direction of defocus are detected 
from the absolute value and the sign of Vpp31'-Vpp32', respectively. 

[0270] That is, detection of defocus is based on the principle that 
variations of read channel 1 signals at VFOl and VF03 areas in the header field, e.g., 
peak-to-peak levels Vpp3T and Vpp32' depend on the degree of defocus. 

[0271] If no defocus has occurred, i.e., "on-focus", then Vpp31'-Vpp32' « 
0 and Vpp31'+Vpp32' = maximum, where Vpp31' and Vpp32' are peak-to-peak 
voltages of read channel 1 signals detected at VFOl and VF03 areas. 

[0272] No defocus is also detected when Vpp3 1 '+Vpp32' = maximum and 
Vpp31'-Vpp32' < Vxh55 ? where Vrhss is a predetermined threshold value, instead of 
Vpp31'-Vpp32'«0. 

[0273] Otherwise, if defocus has occurred, then Vpp31'-Vpp32' * 0 (the 
sign of the difference value depends on the direction of defocus) and 
Vpp31'+Vpp32' ^ maximum. Defocus is also detected when Vpp31'-Vpp32' > Vrhss, 
the direction of defocus being known from the sign of Vpp31'-Vpp32'. 

[0274] Referring to Table 6 or Fig. 20, at defocus offset 4.08, Vpp31'- 
Vpp32' « 0, Vpp31'+Vpp32' = maximum. 
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[0275] For read channel 1 signals, it is necessary to define an active area 
in order to acquire accurate detection of defocus because there are many cases where 
Vpp31'-Vpp32' < Vrh55, as shown in Fig. 20. 

[0276] Fig. 22a shows the value of Vpp31'-Vpp32' for read channel 1 
signals and Fig. 22b shows the value of Vpp31-Vpp32 for read channel 2 signals. 

[0277] Referring to Figs. 22a and 22b, when no defocus has occurred, i.e., 
near the defocus offset of 4.08, Vpp3r-Vpp32' for read channel 1 signals and 
Vpp31-Vpp32 for read channel 2 signals are both changed greatly. After the defocus 
offset of 4.08, Vpp31 f -Vpp32' for read channel 1 signals decreases but Vpp31- 
Vpp32 for read channel 2 signals is constant. 

[0278] Thus the active area can be defined as an interval where both 
Vpp31'-Vpp32' for read channel 1 signals and Vpp31-Vpp32 for read channel 2 
signals change proportionally. 

[0279] Figs 21a-21c are exemplary diagrams showing the level variation 
of the read channel 1 signals detected at a variable defocus offset under the same 
conditions as Table 6. 

[0280] Referring to Figs. 21a-21c, the difference value Vpp31'-Vpp32' 
approaches zero in all cases and the sum Vpp31'H-Vpp32' is at maximum in Fig. 21b. 
Thus defocus is detected in Figs. 21a and 21c, no defocus being detected in Fig. 21b. 
That means, it is determined that defocus has occurred in Figs. 21a and 21c, where 
the difference value Vpp31'-Vpp32' approaches zero in both cases and the non- 
active area is defined. 
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[0281] If the value Vpp31'-Vpp32' is AV5" and the absolute value of 
AV5" is larger than the threshold Vmss, then compensation for defocus has to be 
performed in the positive (+)/negative (-) direction when the sign of AV5" is 
negative (-)/positive (+). The magnitude of defocus can be measured as the size of 
the active area. 

[0282] As the values Vpp31' and Vpp32' are variable depending on the 
disc, the ratio of the two signals is normalized as expressed by Equation 14. 
[0283] [Equation 14] 

Vpp31'-Vpp32' 



[0284] 



Vpp31' + Vpp32' 

[0285] If Equation 14 is satisfied, no defocus has occurred; otherwise, if 
Equation 14 is not satisfied, it is determined that focus has occurred. The direction of 
defocus is detected from the sign of Vpp31'-Vpp32', the magnitude of defocus 
being detected from the size of the active area detected using both the read channel 1 
and the read channel 2. 

[0286] In connection with this, the defocus detector 206 outputs to the 
servo controller 207 defocus error signals indicating the direction of defocus 
detected in the above process. The servo controller 207 converts the defocus error 
signals to a focus driving signal and outputs the focus driving signal to the focus 
driver 210. 

[0287] The tracking driver 210 drives a focus actuator in the optical 
pickup 202 based on the focus driving signal, i.e., moves the optical pickup 202 in 
the positive (+) or negative (-) direction such that the object lens is separated from 
the optical disc at a constant distance. 
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[0288] As such, the present invention can detect the magnitude and the 
direction of defocus and compensate for them using read channel 1 signals or read 
channel 2 signals detected at VFOl and VF03 areas in the header field. 

[0289] The system, the present invention checks defocus at a plurality of 
header fields predefined during initialization of the system in the above-stated way 
and memories the magnitude and the direction of defocus at the corresponding 
position. Thus the present invention can compensate for defocus according to the 
previously detected magnitude and direction of defocus at the corresponding 
position during an actual data writing/reading operation and thereby rapidly stabilize 
focus servo. 

[0290] Furthermore, the present invention capable of real-time feedback 
can detect defocus with all servo offsets, e.g., tracking and focus servo on and 
immediately compensate for defocus during an actual data writing/reading operation. 

[0291] 3) Using tracking error signal 

[0292] The present invention also detects defocus using a level difference 
between tracking error signals detected at the header 1,2 field and the header 3,4 
field staggered with respect to each other and a reference signal. The reference 
signal level is the center level of the tracking error signal detected at a user area. 

[0293] For this, the tracking error (TE) signals among the servo error 
signals detected at the RF and servo error generator 203 are input to the defocus 
detector 206. 

[0294] After sampling the tracking error signals output from the header 
1,2 field and the header 3,4 field, the defocus detector 206 detects the level 
difference between the tracking error signals and the reference signal 
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[0295] Table 7 shows the tracking error signal levels under best conditions 
for generating servo error signals while controlling defocus and defocus in a state of 
tilt zero (i.e., mechanism 0), in which the tracking error signal levels change 
depending on variation of a defocus offset at fixed tilt and detrack offsets. 



[0296] [Table 7] 



Defocus Offset [ ] 


Header 1,2 [V] 


Header 3,4 [V] 


0.00 






1.00 






2.00 


2.2 


1.70 


3.00 


3.3 


2.70 


4.08 


3.5 


3.30 


5.00 


3.1 


3.70 


6.00 


2.7 


3.70 


7.00 


2.2 


3.10 


8.00 


1.8 


2.70 


9.00 






10.00 







[0297] Fig. 23 is a graph illustrating Table 7, in which no defocus occurs 
when the potential difference between the tracking error signal detected at the header 
1,2 field and the reference signal is in symmetric relation with the potential 
difference between the tracking error signal detected at the header 3,4 field and the 
reference signal. 

[0298] That is, the tracking error signals are significantly shifted up and 
down in the header field. For tracking error signals detected at the user area on 
which data is actually written, the two potential differences are almost equal to each 
other when no defocus occurs, i.e., the beam is at the track center, whereas they are 
not equal to each other when defocus occurs, i.e., the beam passes through the 
header 1,2 field and the header 3,4 field. 
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[0299] Thus whether or not defocus has occurred can be determined by 
comparing the potential difference between the tracking error signal at the header 
1,2 field and the reference signal (tracking error signal potential at header 1,2 field - 
reference potential = Vp31) with the potential difference between the tracking error 
signal at the header 3,4 field and the reference signal (tracking error signal potential 
at header 3,4 field - reference potential = Vp32). 

[0300] Figs. 24a-24c are exemplary diagrams showing tracking error 
signals detected at a variable defocus offset with tracking and focus on. 

[0301] Referring Figs. 24a-24c, the left-hand signal is the tracking error 
signal V H di2 detected at the header 1,2 field, the right-hand signal being the tracking 
error signal V H d34- A voltage V T e detected at the center level of the tracking error 
signal at the user area is preferably the voltage of the reference level. 

[0302] In a case where no defocus occurs, the potential difference 
between the tracking error signal at the header 1,2 field and the reference level 
( Vp31 = |V HD12 - VteI ) is almost equal to the potential difference between the 
tracking error signal at the header 3,4 field and the reference level 
( Vp32 = \V m34 - V TE | ), as shown in Fig. 24b. That is, the potential difference 
Vp31 = |V mi2 - is in symmetric relation with the potential difference 



Vp32 = |V ] 



HD34 




[0303] This can be expressed by Equation 15. 



[0304] [Equation 15] 



[0305] |V, 



HD12 



-v XE h|v, 



HD34 
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[0306] It is determined that no defocus has occurred, when the potential 
difference Vp31 between the tracking error signal at the header 1,2 field and the 
reference level is not equal to the potential difference Vp32 between the tracking 
error signal at the header 3,4 field and the reference level, as shown in Figs. 24a and 
24c, i.e., the potential difference Vp31 is in asymmetric relation with to the potential 
difference Vp32. The asymmetry increases with greater magnitude of defocus. 

[0307] Thus it is determined that defocus has occurred, when the potential 
difference between the tracking error signal at the header 1 ,2 field and the reference 
level (Vp3 1 = ^^,2 -V TE |) is not equal to the potential difference between the 
tracking error signal at the header 3,4 field and the reference level 
(Vp32 = |V HD34 - V TE |), i.e., the absolute value of the difference between the two 

potentials (= Vp31-Vp32) exceeds a threshold Vxh6. Otherwise, as expressed by 
Equation 16, it is determined that no defocus has occurred. 

[0308] [Equation 16] 

[0309] |Vp31-Vp32|<V Tll6 

[0310] As such, after calculation of the potential difference Vp31 between 
the tracking error signal at the header 1,2 field and the reference level, and the 
potential difference Vp32 between the tracking error signal at the header 3,4 field 
and the reference level, the difference between the two potential differences Vp31 
and Vp32 is compared with the threshold, as a result of which the magnitude and the 
direction of defocus are detected. 
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1 

[0311] When the difference between the two potential differences (Vp31- 
Vp32) is AV6, the absolute value of AV6 indicates the magnitude of defocus, the 
sign of AV6 indicating the direction of defocus. 

[0312] If the sign of AV6 is negative (-), defocus is to be compensated by 
AV6 in the positive (+) direction; otherwise, if the sign of AV6 is positive (+), 
defocus is to be compensated by AV6 in the negative (-) direction. That is, 
compensation for defocus has to be performed in such a direction as to equalize the 
two potential differences Vp31 and Vp32. 

[0313] Because the values of the tracking error signals detected at the 
header 1,2 field and the header 3,4 field are variable depending on the disc, the ratio 
of the two signals is normalized. 

[0314] In connection with this, the defocus detector 206 calculates AV6 in 
the above-described manner and outputs to the servo controller 207 defocus error 
signals indicating the magnitude and the direction of defocus, which correspond to 
the absolute value and the sign of AV6, respectively. The servo controller 207 
converts the defocus error signals to a focus driving signal and outputs the focus 
driving signal to the focus driver 210. 

[0315] The focus driver 208 moves a focus actuator in the optical pickup 
202 based on the focus error signal so that the object lens is separated from the 
optical disc at a constant distance. That is, defocus is controlled in such a manner 
that the potential difference between the tracking error signal at the header 1,2 field 
and the reference level (Vp3 1 = ^,^,2 -V TE |) is in symmetric relation with the 
potential difference between the tracking error signal at the header 3,4 field and the 
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reference level ( Vp32 = | - V TE | ), or the relationship | Vp3 1 - Vp32| < V Th6 is 
satisfied. 

[0316] Fig. 25 is a flowchart of the above procedure. 

[0317] Referring to Fig. 25, the step 801 sets an initial defocus offset DFO, 
a threshold Vrh6 and a defocus limit iteration number NL3. 

[0318] The step 802 measures Vp31 and Vp32 at defocus offset DFO, then 
calculating the difference between Vp31 and Vp32, i.e., AV6 (= Vp31-Vp32). The 
step 803 determines whether the absolute value of AV6 exceeds the threshold Vrh6 
preset in the step 801. If the absolute value of AV6 is smaller than or equal to the 
threshold Vrh6 in the step 803, which means no defocus, the routine is terminated; 
otherwise, if the absolute value of AV6 is larger than the threshold Vxh6, which 
means that defocus has occurred, the step 804 determines the direction of defocus 
from a judgment of whether the sign of AV6 is positive (+) or negative (-). 

[0319] With the negative (-) sign of AV6, the step 805 increments the 
defocus offset DFO and the step 806 measures again the variation AV6 of the 
tracking error signals detected at the header 1,2 field and the header 3,4 field. Then, 
the step 807 compares the absolute value of the variation AV6 with the threshold 
Vxh6. If the absolute value of AV6 is smaller than or equal to the threshold Vxh6, the 
routine is terminated; otherwise, if the absolute value of AV6 is larger than the 
threshold Vrh6, which means that defocus is not completely compensated, the 
procedure proceeds to the step 808. The step 808 applies the current loop iteration 
number to the defocus iteration number and the step 809 compares the defocus 
iteration number with the preset defocus limit iteration number NL3. If the defocus 
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iteration number is larger than or equal to the preset defocus limit iteration number 
NL3, the routine terminates; otherwise, the procedure returns to the step 805. 

[0320] Meanwhile, if the sign of AV6 is positive (+) in step 804, the step 

810 decrements the defocus offset DF0 and the above process is repeated in steps 

811 to 814. 

[0321] The present invention presets the thresholds and reduces time 
required for detecting and compensating defocus during an actual data writing 
operation, thereby enabling a real time writing operation through rapid stabilization 
of focus servo. 

[0322] According to the present invention, the detrack limit iteration 
number NL1, the tilt limit iteration number NL2 and the defocus limit iteration 
number NL3 are determined in an apriori manner and may be altered by the designer. 

[0323] In a case where the direction is not detected during detection of 
detrack, tilt and defocus by the above methods, detrack, tilt and defocus can be 
compensated by the variations obtained in the respective detecting processes. For 
this, the respective offsets have to be controlled such that the variations become 
smaller. For example, if the variations at the current offsets are smaller than those at 
the previous offsets, it is necessary to check whether the variations are within the 
range of predetermined thresholds, while controlling the offsets in the same direction 
(i.e., positive (+) or negative (-) direction). Otherwise, if the variations at the current 
offsets are increased from those at the previous offsets, it is necessary to check 
whether the variation are within the range of predetermined thresholds, while 
controlling the offsets in the reverse direction. This procedure is repeated until the 
variations are within the predetermined thresholds, and then the control is terminates. 
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[0324] Although it is assumed in the above description of the present 
invention that the procedure for detecting and compensating each of detrack, tilt and 
defocus is performed under the condition the others do not occur, actually, all of 
detract, tilt and defocus or any one of them may occur. It is thus preferable to 
sequentially perform all the compensation processes for detrack, tilt and defocus. 
There is no particular limitation on the order of the processes and may be varied 
depending on the designer. In an embodiment of the present invention, as illustrated 
in Fig. 26, the controls are performed in the order of detrack, tilt and defocus. 

[0325] The above controls as illustrated in Fig. 26 may be performed once 
in initializing the system, or periodically during a recording/reproducing operation, 
or at any time that the controller such as microcomputer affords to its. Also, the 
controls may be performed during the initialization of the system or while the 
system is running. 

[0326] In performing the controls during the initialization of the system, 
the magnitude and the direction of detrack, tilt and defocus are detected at one or 
more predefined positions in inner or outer circumferences, followed by a recording 
or reproducing operation, or the magnitude and the direction of detrack, tilt and 
defocus detected at the predetermined positions are stored and then immediately 
used for the controls during the actual running operation. 

[0327] The method for reproducing records for the optical recording 
medium according to the present invention has the following advantages in that: (1) 
the magnitude and the direction of detrack, tilt and defocus can be detected from 
read channel 2 signals detected at the header fields staggered on the basis of the tract 
center, or tracking error signals, and compensates for detrack, tilt and defocus, 
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thereby preventing deterioration of data quality caused by detrack, tilt and defocus 
during a recording/reproducing operation and enabling the stable operation of the 
system; (2) tilt can be detected in a stable and accurate manner without using a 
separate light-receiving element in a high-density optical disc; and (3) the focus 
servo is rapidly stabilized to enable real-time recording as well as the stable 
operation of the system. 

[0328] While the invention has been shown and described with reference 
to a certain preferred embodiment thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 
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